Infectious diseases follow a dynamic course over time. Various infections such as plague, variola, and poliomyelitis, which were once particularly predominant, have lost their importance, while others, such as human immunodeficiency virus, Ebola virus, and Zika virus have emerged during recent decades. Brucellosis is a striking example of term-independent disease. It is the most widespread bacterial zoonotic disease and is caused by Brucella species, with an annual estimated prevalence of more than 0.5 million new cases world-wide. 1 The disease can have disabling conse-quences, and remains a significant economic and public health problem, particularly in Mediterranean countries, including Turkey.
INTRODUCTION
the time period from January to December 2015, were retrospectively evaluated. The included children were under 16 years of age, with the diagnosis of acute/ subacute/chronic brucellosis. Diagnosis of brucellosis was made on the basis of compatible clinical findings plus presence of positivity at titers of 1:160 and above in serum agglutination test (SAT) and/or Coombs agglutination test in a single serum sample and/or a minimum fourfold increase within a 2-3 week interval. 5 Only patients with blood cultures were included. BACTEC 9120 (Becton Dickinson, Sparks, MD, USA) was used for cultures. If no growth was observed on the Soner Sertan Kara and Yasemin Cayir
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All patients who used their medication properly were evaluated as cured in the absence of clinical signs and symptoms up to six months after the end of the antibrucellar treatment, as partial remission if existing signs and symptoms had decreased, and as relapse/ reinfection if they had signs and symptoms plus either growth of Brucella species in cultures and/or presence of positivity of serological parameters, at least six months after the end of the anti-brucellar treatment following an asymptomatic period.
The Kolmogorov-Smirnov test was used to determine the normality of the data. Numerical variables are expressed as mean ± standard deviation and categorical variables as numbers (percentage). Median (inter-quartile range) values were used for non-normally distributed data. Student's t test, the Mann-Whitney U-test, the Chisquare test and receiver operating characteristic (ROC) analyses were used as hypothesis tests. Children with Brucella spp. growing in blood culture were compared with children without Brucella spp. p-values <0.05 were considered statistically significant. ROC curves were used to examine the usefulness of significant variables in discriminating patients with positive blood culture from those with negative blood culture. Data were analysed on SPSS for Windows, version 17.0 software (SPSS, Chicago, IL).
RESULTS
The mean age of the children in the study was 10.9 ±3.9 years, ranging between 1.2 and 16 years. Symptoms compatible with brucellosis were present for a median of 30 days. The demographic and clinical features, physical examination findings, and laboratory findings were shown in Table I . Seventy percent (n=68) of the patients had positive Rose Bengal tests. Approximately onefourth of the patients had negative SAT and one tenth had negative Coombs test titers. Brucella spp. grew in blood culture of 24 (27.9%) patients.
Univariate analyses showed that children with blood culture positivity had shorter symptom duration than those with negative blood cultures (p=0.03, Table II ).
Absence of a personal and household history of brucellosis were associated with blood culture positivity (p=0.02 and p=0.04, respectively). Lower hemoglobin, iron, and vitamin D (p<0.001, p=0.006, and p=0.006, respectively) and higher leukocyte, CRP, and ferritin (p<0.001, p=0.001, and p<0.001, respectively) levels were associated with isolation of Brucella spp. in blood culture. Children with positive blood cultures had higher SAT and Coombs agglutination test results than other children (p=0.001 and p<0.001, respectively).
ROC analysis showed that based on the analysis of the parameters, leukocyte count, CRP, hemoglobin, iron, ferritin, and vitamin D levels, and brucellar tube and Coombs agglutination tests could be used to predict blood culture positivity for brucellosis. Ferritin with a cutoff level of 122 ng/mL (CI 95% 0.86-0.97, p<0.001) and Brucella Coombs agglutination test at a cut-off level of 1/480 (CI 95% 0.84-0.96, p<0.001) were the most sensitive and specific predictors of bacteremia (Table III) . Also this analysis showed that duration of symptoms was not significant for bacteremia in these children. 
DISCUSSION
Brucellosis is still an important public health problem in Turkey, with a seroprevalance of 5% and a predilection to the eastern part of the country, including Erzurum. 7 It is difficult to diagnose because the clinical manifestations are diverse and vague. Serological tests are easy to perform, economical, and time-saving. 2 Nevertheless, definitive diagnosis requires the recovery of Brucella organisms from blood, bone marrow, or other tissue. 5 Obtaining a bone marrow culture is invasive and painful, despite its some advantages. Blood culture remains the method of choice in practical definitive diagnosis. In this study, Brucella spp. grew in blood culture from 27.9% of patients. Although Logan et al. 8 reported a high blood culture positivity level of 86%, previous studies reported similar levels between 17.6% and 50.8% in children with brucellosis. 9, 10 In general, growth of any micro-organism in blood culture depends upon previous use of antibiotics, culture methods, and the volume of the clinical specimen. 11 The culture method and volume of the blood for cultures were standard for these study children.
The stage of the disease also affects the blood culture results. The time when blood is drawn is correlated with the detection of viable organisms in blood samples in brucellosis. Blood culture positivity levels as high as 80% to 90% in acute brucellosis decrease to 30% to 70% in chronic cases. 12 In this study, although the possibility of isolating the bacterium in blood culture was higher during acute infection, duration of symptoms was not a predictive parameter for blood culture positivity at further analyses. Similarly, Giannakopoulos et al. reported no difference in duration of symptoms until admission between patients with positive and negative blood cultures. 13 Also presence of fever at the time of blood drawn may interfere with blood culture results. Although fever has been associated with bacteremia in previous research, presence of fever was not related to the growth in blood culture in this study. 6, 14 Pathogens compete for iron with the host in order to colonize, proliferate, and cause disease, while the host benefits from the toxicity of iron to kill pathogens, in addition to its own metabolic pathways. Diversion of free iron to storage in the form of ferritin has been shown during infections caused by Salmonella and Mycobacterium. 15, 16 Brucella spp. live inside the macrophages and require iron. They obtain this from the host in several ways, and excess intracellular iron is usually stored in the form of ferritin and/or bacterioferritin for release for cellular metabolism when required. 17 In general, as with CRP, elevation of ferritin levels occurs due to inflammatory response against infections. Arica et al. reported very high ferritin levels in pediatric patients with brucellosis. 18 These then returned to normal ranges as the patients' symptoms decreased with treatment. Bayraktar et al.
showed that serum iron levels decreased, while CRP and ferritin levels were significantly increased in patients with brucellosis. 19 Similarly, in this study patients with positive blood culture had lower iron and higher ferritin levels than the other subjects. Ferritin with a cut-off level of 122 ng/mL was the most powerful predictor of bacteremia in children with brucellosis, with sensitivity of 91% and specificity of 78%. Anemia is one of the most common laboratory findings in brucellosis. 20 Anemia of chronic disease, characterised by low serum iron and increased iron retention within the mononuclear phagocyte system, is established by the host during infections. 21 In this study, culture positive patients also had lower hemoglobin levels than culture negative patients, in agreement with Apa et al. 14 Hemoglobin levels can also be used to predict blood culture positivity for brucellosis.
In this study, increased leukocyte and CRP levels were determined in patients with positive blood cultures, similarly to Apa et al. 14 The ROC analyses also showed that CRP levels may be a promising parameter in predicting blood culture positivity in children with brucellosis. Differently, Kadanali et al. 6 observed no association between high CRP levels and bacteremia, while increased transaminases and leukopenia were correlated with blood culture positivity in brucellosis patients.
The brucellar tube and Coombs agglutination tests were significantly more positive in the bacteremic patients compared to the culture-negative group in this study. Unfortunately, the similarity between the O-antigenic side chain of LPS of Brucella and other organisms, such as Yersinia enterocolitica, Vibrio cholerae, Esherichia coli, and Francisella tularensis may result in false positivity. 2 In this study, the brucellar tube and Coombs agglutination tests emerged as powerful predictors of bacteremia. In contrast, the Rose Bengal test, which is used for screening because of its rapidity and easy applicability, was not associated with blood culture positivity. This test is highly sensitive, but its specificity varies between 75% and 91%, and positive results are confirmed by the serum agglutination tests. 22 Vitamin D is an essential micronutrient for various body functions, such as bone metabolism and the immune system. Deficiency has been linked to various types of disorder, such as several types of cancer and diabetes mellitus. 23 Vitamin D deficiency inhibits macrophage functioning, such as chemotaxis, phagocytosis, and proinflammatory cytokine production and an association with infections has also been reported in children. 24 Brucella cannot, therefore, be killed by inactivated macrophages. Kurtaran et al. showed that adult brucellosis patients had lower levels of vitamin D and its receptor compared to a control group. 25 In this study, blood culture positivity was related to low vitamin D levels. It also showed that vitamin D levels <17.5 ng/mL could be used as a marker of blood culture positivity in children with brucellosis.
A positive family history and living in a rural area are risk factors for relapse in brucellosis. However, a history of brucellosis in family members was not correlated with growth in blood culture, similarly to the presence of relapse/reinfection type brucellosis. The mean age of the children in the present study was 10.9 years, similar to that in Giannakopoulos et al. 13 They reported that patients with positive blood cultures were younger than those with negative blood cultures. Apa et al. reported similar findings. Nevertheless, no such association was observed in this study. 14 This study has also some limitations. This is a retrospective study and statistically significant results were not achieved in some parameters, due to the small size of the study population. B. melitensis was almost the only pathogen found in previous studies. 8, 10 Subtype analysis could not be performed in the current study, which prevented analysis of more specific risk factors. However, to the best of authors' knowledge, this is the first trial to date to show a connection between vitamin D deficiency and positive blood culture for Brucella.
CONCLUSION
Some biochemical and serological parameters, such as serum hemoglobin, iron, ferritin, vitamin D, C-reactive protein levels, Brucellar tube and Coombs agglutination tests, and leukocyte count are important parameters predicting blood culture positivity in pediatric brucellosis when molecular techniques are not feasible, such as in source-limited countries. Patient age, duration of symptoms, and presenting symptoms may not affect blood culture positivity. At the same time, blood culture positivity may not be associated with increased brucellosis-associated complications.
